Energy-dependent flip of fluorescence-labeled phospholipids is regulated by nutrient starvation and transcription factors, PDR1 and PDR3.
The yeast Saccharomyces cerevisiae readily accumulates short-chain, fluorescent 7-nitrobenz-2-oxa-1,3-diazol-4-yl (NBD)-labeled phosphatidylcholine and phosphatidylethanolamine at the nuclear envelope/endoplasmic reticulum and mitochondria. The net intracellular accumulation reflects the sum of their inwardly and outwardly directed transbilayer translocation across the plasma membrane (flip and flop, respectively). The rate of flop is negligible in energy-depleted cells as well as at low temperature (2 degrees C). Although flip is reduced at 2 degrees C, it can still be measured by flow cytometry, allowing the rate of flip, independent of flop, to be characterized at this temperature. Flip requires the energy of the plasma membrane proton electrochemical gradient and is down-regulated as cells pass through the diauxic shift and enter stationary phase. Furthermore, drug-resistant, gain-of-function mutations in the transcription factors, PDR1 and PDR3, result in a dramatic down-regulation of flip in addition to their already established up-regulation of flop. These results imply that down-regulation of the NBD-phospholipid flip pathway is a physiological response to environmental stress.